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A SENSITIVE, WIDE RANGE DC NULL VOLTMETER WITH AN 
INTERNAL BUCKING SUPPLY FOR ZERO LOADING ERROR 

A floating, htgh-sensitivify DC Null Meter 

measures voltages to below 1 microvolt and achieves 

virtually infinite input impedance with a bucking supply. 

Tin minimi m siONai that can !>*■ 
measured with precision U\ a sensi 
rive electronic d.c voltmeter is dr 
term i ned by noise. The noise i a 
needle fluctuations which result m 
read i ni; uncertainties, ilcnn', 
among other considerations, thr dc 
Sign ol ,i sensitive voltmeter is con- 
cerned with the minimization oi 
noise, an effort that is concerned pri- 
marily with optimization ol the in 
I hi t amplifier for lowest noise • 
forma rue. 

A related problem resulting From 
increased sensitivity in a voltmeter 
is drift, which affects reading .u 
i unity. The effei ts *>I d< drift in the 
ampliftei itseli can be eliminated b) 
the use oi chopper stabilization. 
Drill i a used by thermal emFs.which 
assume raajoi impoi tam e rti I he 
nn< rovoli region, is reduced h\ using 
mmK one type ol metal, usually solid 
i opper, foi the input i in uitrj in- 
cluding the input terminals. 




Fig. 1. DC Null Voltmeter is part of standards lab $ei up [or calibrating 
universal ratio set** it>It boxes, and KeUin-Vath y voitage dividers. Volt- 
meter indicate* difference, if any, between steps on rath set and corre- 
sponding st*ps on precision divider in temperature-stable oil bath, pn 
divider is composed of neu -hp- standard resistors, n> ?>, described in forth- 
coming article High stability and sensitivity in high impedana circuits 
make DC NuU Voltmeter tall-suited for standards lab applications of tins 

type. Maximum voltmetej resolution as null indicator approaches J pV 

and full stale sensitivity is 3 jiK 



much larger than the d< signal in 

microvolt measurements. II die ac 

signal j< phaa tii with the 

Other problems in sensitive meas- chopper frequency, u is converted 

memenis are created by a< signals into a d< voltage, causing reading 

superimposed on th< il. signal to be errors, Superimposed signals which 

measured, since the a< ts quite often are not pfeasecohereni usual!) do 
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Fip. 2. ^hp- Mod 

DC Null Voltmeter has IS 

uring ranges from J 
ftV end scale to 1000 V end 
seal* 1 . Pushbuttons select 
operating mode. Voltmeter 

i mm ac tine power 
or from rechargeable inter- 
nal hrttt* t 



eioi develop a d< offset, provided 
thai ihr ,tr does nor have sufficient 
amplitude to saturate the amplifier, 

A NEW, SENSITIVE DC VOLTMETER 

The problems caused b) noise, 
driftj and superimposed ac have ,ill 
been carefullj considered in thede- 
sign of a new htgh-sensitivit) tit 
voltmeter, As ;i result* the new in- 
strument Ints minimal noise, vfi- 
tuail) no drift, ;hhI f i it- H rejet tion ol 
superimposed ac voltages. The com- 
bination of residual noise level and 
v iiMtivii\ is mji It ih;n needle fluc- 
tuations on the most sensitive rai 
are seldom greater than 1 minor 
scale division above and below nom- 
inal (Fig. 3), Further, this is a scale 
whii h has ,m end < alibration oJ 

V It is ihus entirely practical to 
resolve th voltage!! '" below 5 \ 
with the iicu voltmeter, \i the same 
tim< , .], th ifi j\ 1,-sn tlian 0.3 pV p 
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Fig A. Typical low noise and high stability of -hp- Model 419A DC Null 
Voltmeter on 3-fiV range are shot en in this recording made at volt meter output 
terminals with eoli meter infntt shorted. Peah tChpeak amplitude excursion 
here rarefy exceeds QM /*V (referred to input). During 15-hr. period shown, 

drift is less than 0.1 pV\ 



fitt\, while superimposed hum pii k- 
up is attenuated h\ at leasi SOdB. 

As a lunher hit lor of important e 
in low level measurements, the \*A\ 
null] is designed to be battery op- 
erated, permitting the instrumeni to 
be Operated Iree of any gioiiud 
loops, which also precludes <oni- 
mon-nioi!c voltage problems* (A 
built-in i in ui.i * barges the batteries 
when the insi t LiiiK-iu is operated on 
at power.) 

The new voltmeter (-hp- Mode] 
119A) is noi restricted to measure- 
ments hi the microvolt region, how- 
ever, since it has ]ti ranges, the high- 
est of which is 1000 volts end scale. 
The voltmeter is thus able to at- 
coramodate the majority ol voltages 
encountered in the laboratory and 
at the same time it has ihe high sen 

Miivit\ required lor low-level meas- 
urements, such as in thermocouple, 
bridge, andj as shown in Fig, 4* pre- 
cision calibration measurements. \> 
curacy on all 18 ranges oi the volt- 
meter is 2', ol end scale dbOJ 

Sinee it is important thai a volt- 
meter have high input resistance to 
minimize loading errors, ibis Factor 
has also received careful attention in 
design ol the instrument. The input 
resistance has been made as high as 
is practical with due consideration 
to the problems ai ising hom leakage 
currents and resistance noise, bur in 



addition, the input resistance ■ an be 
made virtually infinite b\ use ol an 
internal nulling voltage supply. I he 
use oi this supply permits the new 
voltmeter to make sensitive raeas 
urements on sources having vir- 
nialb any mhiiu' impedance with- 
oul Loading the source or causing 
any instabilities in the volrmetn u 
sell. Mils t.u i makes the voltmeter 
potential!) useful in such sensitive 
woi k as measui ing biologi* al poten- 



tials or other cheniically-generated 
and thermal etui's. Without the 
nulling supply, ibe input resistance 
ol the voltmeter is 100 megohms on 
ranges above 1 volt, and it i> re- 
duced in decade steps to 100 kilohms 
on the mbsi sensitive ranges, 

The new voltmeter is push-button 
operated and Ims a switching ar- 
rangemeni that allows the inpui ter- 
minals io be disconnected from the 
interna] i ir< uits, fhis permits the 
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Fifj. 4. DC Null Voltmeter screes here as sensitive null detector to indi- 
cate when voltage "/ DC Transfer Standard has hern adjusted to equal 
standard cell voltage tinting standard cell comparisons. DC Null Voli 
meter replaces light beam galvanometer in calibration measurements 
such as this to increase sensitivity in high impedance < in nits by fat tor 
of I6 r besides providing 20 times faster response (meter sensitivity is 
Ofi 7 pA/mm and response time is less than 2 seconds). 
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Fig. 5. Block diagram of Modrl419A DC Null Voltnuht. 



instrument to be connected to sensi- 
tive < in tuts oi <lt \ ic t % sin h as stand- 
ard cells, without danger <>l drawing 
tuiTciii horn the vohage source ai 
the unit- oj connect ion, Kunhcr- 
more. the internal nulling siipph 
can be set 10 match i ho external 
voltage, thus minimizing the initial 
current How when the instrument 
circuits are switched to i he input 
terminals. 

The voltmeter is also capable of 
Functioning as a picoammetei fo] 
measurements of small leakage cur* 
rents in solid-state circuitrj or vac- 
uum-tubes, lull scale deflection on 
tlie most sensitive range is obtained 
by a current <>f onh SO picQamperes 
(micro-microamperes), using iIil- in- 
])ut resistance as a current shunt. 
Currents up to 80 nanoamperes are 
easily measured this way and larger 
nu rents can be measured with ex- 
ternal shunts. The high sensitivity oi 
the voltmeter allows low values of 
shunt resistance to be used to keep 
the series voltage ihop verj small. 
CIRCUIT DESCRIPTION 

\ I 'lot k diagram ol the new volt- 
meter is shown in Fig. 5, The mod- 



ulator converts the d< to an ac, using 
a photoconductive chopper. The re- 
sulting square wave is amplified in 
the six-stage, high-gain carrier am- 
pltfiei and is restored to di in thi 
photoconduc u\e demodulator. An 
overall drift rate ol less than i ,. , t \' 
per day (releired to the input) h;is 
theieby been achieveel in the instru- 
ment. 

The frequency ol the chopper is 
non-synchronous with li()-cyclc line 
frequencies to reduce d( of 1 sets from 
.ic pick-up related to the power line 
Erequency. The low-pass filtei re 
duces the possibility of amplifier sat- 
uration from superimposed hum sig- 
nals. The filter is an inductance-ta- 
pacitance type, rather than resis- 
tance-capacitance, to obtain high a< 
attenuation without increasing ther- 
mally-generated resistance noise. 
With i he filter and the Iti5-H/ chop- 
per frequency, superimposed a< volt- 
agi - .it Erequeni ics ol GO H/ and 
higher 80 tlB above end scale cause 
[< ss daan 2 1 ,, error. 

\ saturable core inverter, de- 
signed for maximum efficiency to 
minimize power requirements, 



drives the neon lumps which illum- 
inate the photoconductors. The 
'dwell time 1 or illumination interval 
was reduced to 50% of die half-cycle 
utne to further reduce power con- 
sumption. The instrument is thus 
capable "f operating for more than 
80 hours between battery recharg- 

Selec led silicon transistors, biased 
for less than 1 microamperes ol col- 
lector current to achieve low-noise 
operation, are used in the low-level 
stages of the amplifier . To minimize 
input resistance noise, the input at- 
tenuator is out of the circuit on 
ranges below 10 mV but it atten- 
uates the input cm the higher ranges. 
On the ranges below 111 mV, ringing 
is controlled by ihe feedback atten- 
uator which divides the voltage at 
the amplifier output rather than a I 
the input, dins reducing thermally- 
generated voltages in i he attenuator 
to negligible levels. 

The 7.i R*> control adjusts die dc 
voltage in the feedback path to off- 
set any other l henna J 1 v -genera ted 
voltages (pressing die zf.ro push-but- 
ton disconnects the amplifier input 
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Fig, 6. Noise level on rah meter's most sen*! tire range is >/>► 
as less than 2o 95% o) time; a is standard deviation (rms noise 
level), assuming Gaussian amplitude distribution* 



from the positive input terminal 
and grounds it u> the 'common' tei 
niinal). The input terminals are 
solid copper, to eliminate galvani* 
voltages when < onne< i t-«l n> i oj ip< i 
wires, mid are gold-flashed n> pre- 
vrm con osion. 

Pressing the si i mii push-button 
lust i ts tlit- inU'i nal voltaic supph in 
series opposition to the input volt- 
age. The internal voltage < an be ad- 
justed to btt< k nui the mptn voltage 
exactly, .as indicated In a null on the 
meiei , Thi s< mi 1 1 > oltagi is \ lien de- 
termined after nulling b) switching 
i Ik- tiu hi io read the value <>l ihe 
internal voltage i kf u> mi l). The 
internal nulling voltage is obtained 
1 1 > > r 1 1 :i long-life (200(3 hours) riier- 
( urv battery that supplies a poten- 
tiometer network. I he network i^ 
i hanged l>\ the ft ^ncj switi h s«> ilut 
die internal voltage <mi always be 
adjusted ovei 120 4 | ol the voltmetei 
i ange thai is selec ted. 

The chopper-amplrfiei is followed 
h\ an operational integratoi w hi< h 
provides filtering Eoi the synchro- 
nous demodulator and which also 
provides additional powei Foi driv- 
ing the meter. The integrator re- 
sii i< ts the bandwidth >>\ the ampli- 
fit i to 0;2 H/ on the 3-/tV rangi foi 
redtti ed noise, U m owh From an 



overload, however more tpihkh 
than a comparable RC Biter would. 

For maximum gain accuracy, the 
negative feedbai k loop extends over 
all ot 1 1 ir ■ i ii . ail iv from themetei io 
rhe amplifier input to provide full 
scale metei deflection on the 3-ju.V 
range, a gain of 111* dB is required 
in the amplifier t hain. The i lu»j >p< I 
stabilized amplifier has a maximum 
gain oi 96 dB and an additional 50 
dB is piovidcd by the operational 
integrator. This allows at least \(\ 
tl l» ol Eeedba< k, vvhith is more i han 
sufficient to prevent amplifiej gain 
\ 1 1 j. i lions From affecting accuracy. 
The accuracy ol the voltmetei isde 
rived through i lit* use f * i precision 
resistors in the attenuators and Feed- 
ij.ii k networks. 

.\ecurai v is additionally enham i tl 
through the use <>I an Individually* 
i alibrated, taut band meter. 

Despite high sensitivity, the in- 
stalment has wide overload margins 
<"»u V on the :'*-, V to 3 m\ ranges, 
increasing up to I li* h» V on the J-V 
range and above) and it recovers 
quickly, within 3 seconds, from a 10' 
■ >vei load. 

SPECIFYING VOLTMETER NOISE 

Since noise causes reading fluctu- 
ations, on the moM sensitive range 
ol .[ higlv£ain di \tilimrin to nil n • 



stricted bandwidth, a specification 
oi noise in rms values is difficult to 
evaluate in terms <>l what the eye 
will see. Heme, a more meaningful 
spec ilk.nion would o -it ■] to ilu- peak- 
to-peak reading uncertainty caused 
by noise. 

Noise on thi- most sensitive rang* 
ot die new DC Null Voltmetei has 
,i Gaussian amplitude disti ibution, 
thus permitting description tin ;< 
statistical basis, as shown in Pagi 6. 
ilit 1 percentage of readings in whi« b 
the noise voltage is likeh to lit be- 
tween two amplitude limits can be 
found b) integrating the area under 
i he t urve between these limits. Su< h 
an analysis shows thai the noise voli- 
age will be between — 2<t and -\-'la 
% oj the rime fa js the standard 
deviation ^m^\ i f« responds i«» the 
i ms valuer 
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Fi#. 7. Mirror-backed zero-center scab 
for DC Naif Voltmeter is calibrated in- 
dividually for each Meter on -hp- 
xrrm-t out roll id meter calibrator* Me 
ter movement is taut -band suspension 
type. Meter [ate is shown here three- 
fourths I till size. 



Accordingly* the noise in the 
Model H9A DC Null Voltmeter is 
specified as being less than ;i 0.3 > t Y 
peak-topeak 95% ol the time This 
corresponds t<> an i ms value <>l 
u.uT.i i\, Since the gain "t the am- 
plifier Is reduced on the less sensitive 
ranges, residual noise is practical!) 
nonexistent cm all but the hum sen- 
sitive ranges. 

RECORDER OUTPUT 

The instrument .ilsu has an elec- 
trical 1 outpm that is proportional m 
meter defie< tion .mil that h < apable 



ol supplying up to one milliampere 
at <>nc vtdt. This enables the volt- 
meter to serve as a high impedance 
input, low-noise amplifier wiih up 
to 1 lOdBgain ((lependin^nn range) 
and with hum pick-up rejection <>l 
80 dB. Input output lineal it\ is loi- 
ter than 0-5%. The voltmeter is thus 
useful as i preaiuplifier for a re- 
corder, with the additional advan- 
vantages that the internal bucking 
supph can serve as a convenient zero 
offset for ih<- recorder and ihat hat 
ten operation removes the danger 
i i ground loops, 
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SPECIFICATIONS 

-h P - 

MODEL 419A 
DC NULL VOLTMETER 

VOLTMETER 

RANGES: ±3 ;i V to ±2000 volts tic 

end scale rn 18 zero center ranges. 

ACCURACY fc2% of end scale rO.l 

,V. 

LIM US OF ZERO CONTROL: 

INPUT RESISTANCE: 3 ,V to 3 mV 

ranges: 100k ohms (infinite when 
nulled), 10 niV to 30 mV ranges: 1 
megohm (mftnite when nulled), 
100 mV to 300 mV ranges: 10 
megohms (infinite when nulled). 1 
volt to 100 volt ranges: 100 meg 
ohms. 

INTERNAL BUCKING VOLTAGE: Con 

tenuously adjustable approximately 
±120% of end scale, 3 ,.V to 300 

mV ranges, 

RESPONSE TIME: 95% of final read 
mg within 3 seconds on 3 jV range 
and within 1 second on 10-„V to 
1000 V ranges. 

SUPERIMPOSED AC REJECTION: 80 
dfi greater than end stale for ac 
voltages 60 Hz and above' — af 
feet s reading less than 2%. Peak ac 
voltage not to exceed niax overload 
voEtage. 



NOISE: Less than 0.3 *V p p 95% of 
the time (between ±2** limits) re- 
ferred to input: noise amplitude 
approximates Gaussian distribu- 
tion with standard deviation rr (rms 
value) = 0.075 

ORtFT; 0,5 ,.V/day after 30 minutes 

warm-up, 
T. C. 05 mV/"C from 0" to +50" C. 



AMPLIFIER 

GAIN: 110 dB maximum at recorder 
output terminals. Gam depends on 
range. 

OUTPUT; to ± 1 vglt at 1 mA mai. 
for end scale reading. Output level 
is adjustable for convenience when 
used with recorders, 

OUTPUT IMPEDANCE; Depends on 
setting of output leveJ control 
<35 ohms when output level is set 

to maximum. 

NOISE: 01 Hz to 5 Hz — same as 
voltmeter; 5 Hz and above — < 10 
mV rms referred to output. 



GENERAL 

OVERLOAD VOLTAGE: 50 Vdc max, 
3 ,<V to 3 niV ranges; 500 Vdc max, 
10-mV to 300 mV ranges. 1200 Vdc 
max. on 1 writ range and above. 



OVERLOAD RECOVERY TIME 

indicates within 3 seconds follow- 
ing 10' overload, 

INPUT TERMINALS: Positive and neg 

ative terminals are solid copper, 
gold flashed 

INPUT ISOLATION: >10 n ohms 

shunted by 250 pF. May be op 
erated up tu 500 Vdc or 350 Vac 
(rms) above ground. 

OPERATING TEMPERATURE: 0" to 
+50'C. 

STORAGE TEMPERATURE: -40* C to 

+60" C 

POWER SOURCE: 4 internal recharge 
able batteries (furnished). Thirty 
hour operation per recharge. In 
strum ent may be operated during 
recharge from ac hne: 115 or 230 
V ±10%, 50 to 1000 Hz, approxi- 
mately 3 watts. 

DIMENSIONS: Standard hp- fe mod 
ult; 6W in. high. 7'j in wide, 8 in 
deep ( 1 52 x 1 97 x 203 mm). 

WEIGHT: Net: 8 lbs. (3,6 kg). Ship* 
ping: 12 lbs, (5,4 kg), 

PRICE: $450 00, 

Prices f.o.b. factory 
Data subject to change without notice 
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A PORTABLE DC VOLTAGE STANDARD PROVIDING 
TO PPM TRANSFER ACCURACY 



A new 
dc voltages out 

Rl i I N I LY DEVE1 ol'M) INS! It t 

mi x is - digital voltmeters in par* 
lii.ulai — now enable measurement 
accuracies approaching <> . n I ' ( or 
better in normal working environ- 
iili nts >>\n lit I' oi i be standards lab. 
As with other precision instrumen- 
tation, maintaining the rated ao u- 
$ ili> se instruments requires 
periodic calibration, but calibration 
becomes increasingly complicated as 
instrument accuracy approaches 
that ol available reference stand- 
ards, 

fhe primary reference voltage 
standard in most laboratories is the 
sal mated ecll. These devices have 
excellent long-term stability but 
they are sensitive to temperature as 
wt I] as to physical motion and load* 
in». and should he used with ■ are to 
prevent damage. Saturated e< lis 
must be maintained in a carefully 
i dim rolled environment ii their po- 
tential ac< ma< \ is n» he realized- 

The unsaturated cell has been the 
preferred device for use as a working 
standard. Unsaturated tells are less 
susceptible to temperature changes 



I 



type of instrument transfers precision 

of the standards laboratory to working areas. 
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Fig, 1. -hp- Model 735A DC Transfer 
St&ttdard supplies any one of four 
highly-stable switch-selected votia, 
floating and guarded output terminals 
J n g tm tu e n t is p art a b fe h u t h &$ 8 t&bilil} 
Within / or 2 ppm per 8 hours. Tem- 
perature coefficient fa less than 1 
ppm I ('. 
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(typical!) I ppm C) but exhibit 
greater ( haage of voltage with time. 
typical!) 2-S ppm month. Unsat- 
urated <elh therefore must he re- 
turned to the standards tab period- 
icall) foi calib] ation. 
\\ hen standard cells are used Eoi 
ilihi.uiMU o) other equipment, 
the tell voltage, which is usually 
within IJHK to L020 volts, is trans- 
lated to a tin ade level* i.e., 1 V, 10 V 
and so on* This requires a time-con* 
suming procedure involving some 
call ulations and ihe uv i >! [hci isimi 
resistive dividers and null indie a- 
i.»i ij 

THE ELECTRONIC TRANSFER 
STANDARD 
In a major step toward simplify- 
ing the transfej and translation pi 

reference voltages From laboratory 
lards to < omparisori equipuu tit 
outside the standards laboratory, a 
new kind ol insli linieni has been de- 
veloped (Fig. l). Basically, the new 
instrument consists ol a highl) sia 
ble voltage source and built-in pre- 
cision resistive dividers (Fig, 2), To 
assure a high level ol accuracy, die 
instrument was designed to have a 
stability ol I to 2 ppm 8 hours, and 
an overall tenipei aiure i oeffit tent of 
less than 1 ppm C* four times bet- 
ter than I hat ol the unsaturated tell 
Nevertheless, the new DC Transfer 
Standard is a rugged device, insensi 
tivc to orientation, and easily moved 
l tuni pl,M e to pla< ' 

I he new instrument wasdesigiled 
primarily for theconvenieni transla- 
tion of a standard fell voltage to 
LOO! I volt lor the < a libra lion ol pre? 
< isioii instruments, It has the high 
stability and low temperature semi 

quired for act urate volta 
Ent^reomparisous (Fi& 8). Besides divMey lh;,T produces a fixed 1.00D 
serving as a reference standard tor 
the calibration ol instruments hav* 



Ti^. 2, Haste eferuents of *hp- Model 
DC Transfer Standard. Stable 
reference voltage derived from preci- 
sion reference diode is divided down in 
switched resistor networks to ohtain 
output voltages. 

ti*g rated accuracies up to 0.001* , , 
the new instrument ma) also be 
used as a standard tell comparator 
and as a stable working voltage 
source on the production line or in 
the lab. 

Other uses lor the DC] Transfer 
Standard int lude the ratio-male bjnj* 
ol series strings of resistors to better 
than 1 ppm and service as a voltage 
source for decade dividers, poten- 
tiometers, oi other devices requiring 
an extremely stable voltage refi r- 

em e. 

VOLTAGE OUTPUTS 

Two ol the swiu h'Seie* ted output 
voltages ol the new instrument are 
( hosrn to man It the voltages ol 
standard ■ ells, L0I8 volts Eor sat- 
urated cell- and L019 volts for un- 
saturated tells.* These voltages are 
adjustable with a calibrated preci- 
sion potentiometer over a range of 
[000 \ io provide voltage resolu- 
tion n i u det tmal places, 

\ third swili h position selen ts the 



* Vdltage dividers yielding 1.017 volts have been oe- 
signed for instruments to be used in comparisons with 
standard cells maintained at etevated temperatures. 
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Pig, 3, Typical long-term Mobility of Model ?3$A DC Transfi r Stand 

aid. Graphs show outputs of two Model 735A's referenced to standard 

cell that has stability of about ! ppm /year. During period of test, DC 

■!f r Standards were in 2fi C environment subject to norma} room 

tempera tun' variations of +5 < 



V. wiihoui the provision foi incre- 
mental voltage adjustment. The 
fourth swtt* 1 1 position sele< ts th© po- 
tentiometer voltage alone, thus pei- 
mi tang the imu timeni to serve us a 
stable mi( ro\uii soun r with a i angc 

n| 0-1000 ,,\ . 

USfNG THE DC TRANSFER 
STANDARD 

The new DC Hransfer Standard i-* 
(jLiitklv calibrated in die Standards 
Lab using the set-up shown in Fig, 
I. The calibration procedure be- 
gins f>\ setting ihc i H I Pi 1 con- 
trol u> L018'-f £ (or L0I9 + A ii 
t .tli l>» ation is made wi th unsai 
urated cells) and dialing the last 
three places oi the standard cell cei 
tification into the MICROVOLT 



DC NULL VOLTMETER hp419A 



■ "Tin; 



STANDA&D 
CELL 



DC TRANSFER 
STANDARD 
■ftp- 7 35 A 



Fil4. 4t.DC Standard is quickly 

calibrated mini rd cell and -hp- 

419A f)( Xutt Voitmetei 
metei indicates by null that Transfer 
Statu mi is adjusted to equal 

ndard cell voltage (see text). 



i ontrole.g., a standard cell certifi< a 
riori of 1.018 132 volts requires thai 
the swit< I) be set to L01.8 + a and 
that 432 h> dialed into the MICRO- 
VOL I control, 

Ilit- Null Meter js then switched 
into the eireuil u> indicate the dif- 
fer* in t , ji any, between the stand- 
ard cell voltage arid the DC1 ransfei 
Standard output \ r© essed »< rcw 
drivei <omrol on the front panel al 
lows the outpul oi thi DC I ransfer 
Standard to be adjusted to equal the 
standard cell voltage, as shown b) a 
nul] on ilu: meter, 

I he DC! ransfei Standard is thus 
referenced to the standard cell and 
is I- ■ h1\ I'M in i en. omparing othi i 
standard cells, oi foi calibrating tin 
saturated ceils, oj foi translating the 
referent i standard <dl act ur.it \ t«» 
a i-voit level foi instrument calibra 
tion> imc Fi#. 5 1. The Transfe-i 
Standard can be unplugged from 
tin power line and taken toanothei 
area where ii will be read} for use 
aftei .i shr,n warm-up interval As 
shown in the diagram oi Fig, o. rln 
DC Dransfer Standard recovers ivpi 
cally to within ± I ppm in sn mm- 
uit's Following a long powci inter- 
ruption. Recover) takes less than f" 
niinijit's il the |K)wei is off [oi l s 
5 minutes, 
Following calibration oJ ilu- DC 
fransfei Standard, othei standard 



cells can be compared to the first 
standard cell, again by usin^ the set- 
up shown i n Figure 4. In this case, 
tin MICROVOLTS control i 
justed to achieve a null on the 
meter. The lasi three decimal places 
ol the tell voltage are then read di- 
rectly, The DC transfer Standard 
achieves a tratisfei accuracy of 2 
ppm when intercom pari sons are 
made between similai types oi - ; 
ml tells and intercomparisons be- 
tween saturated and unsaturated 
i ells have a transfer an uracy typi- 
call) benei than 5 ppm, The trans- 
fer a< ( ura< v to ] i oil is u iihin 
10 ppm. 

CIRCUIT CONSIDERATIONS 

In .*< hie\ e a stability ol f or 2 
ppm pi i 8 hours and an overall tem- 
perature coefficient ol better than I 
ppm ( . the n ;\w\ diode thai - i ves 
as the pre< ision referent i soun eand 
associated circuitry ait boused in a 
proportionally-controlled oven. The 
internal oven temperature is held 



+ Output 




NULL 

VOLTMETER 



■ | f ; | ■ 



Outpul 



Fig. 5, Resistive divider that m n 
precision source of voltages from ! to 
Hit Hi vtttts is calibrated by adjusting 
itottagt & ■ Jo m n ut I bet 

Calibrated t-VOtt OUtpui Of DC Transfer 
Standard and / volt tap on precision 
divider. 1> 
curate within accuracy of du 

ppm transfer accuracy of DC Transfer 
Standi. 
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Fig. 6. Typical recovery of DC 
Transfer Standard after resto- 
ration of at power foltou mg 

pint cr interruption . 



20Gppm at l m 



J 200ppm ai I 
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nominalh at 80 (; with excursions 
• li (ess than db0*10°C during normal 
rooni tetnperat tire variations, ( a it 
ical circuits in the temperature i on- 
irol system arc also housed in Mr* 
oven to obtain maximum tempera- 
ture stability, X from panel pilot 
li^ht glows in proportion to the 
. i mount or power supplied to the 
oven heatei and thus shows In dim- 
ming when the oven has reached 
operating temperature. 

Critical resistors are wound From 
In same spool of wire to obtain the 
best possible match of temperature 
, peffi< ients« Sir* e the maximum 
range^to-range change in nut put 
voltage h only _ n inV. range-to- 
range accurac) is held to better than 
5 ppm bv maintaining the accuracy 
ol resistors thai are iwiu hed to 
about 0;G25%* All switching takes 
place ai the highest possible voltage 
levels to reduce the effects of ther- 
malsemfsand of contact impedance, 

\ block diagram ol the instru* 
men I is shown in Fig, 7 \ preregu- 
lator, controlled h\ a zenei diod< 
precedes the series regulator that 
supplies the reference diode, fhe 
voltage liken across the reference 
diode is nominalh '» .:■ volts and it is 
divided down m resistive networks 
to obtain the output voltages. 

The equivalent ciri uit fora/ener 
diode ai ;m\ given i in 1 1 nt level is a 
batten m series with a resistance^ 



W 



as follows: D 

Since R is usually 10 to 20 ohms, 
the circuits musi be designed to sup 
ph ;i constant current t<> the dioclt 



I he divider circuits thus have both 
series and shunt elements so that 
each divider draws 1 mA when 
switched into the circuit, maintain- 
ing the load on the regulating sys- 
tem constant at all times. The *CaIt- 
br.ite' control is n hue adjustment 
mi the I in A i urrent and it therefore 
calibrates all three Bxed output \olt 
ages simultaneously « 

I he MICROVOLT incremental 
voltage is derived in a separate < h 
t nit to enable vernier control ol the 
output voltage without disturbance 
ol the current in the divider circuits, 
The inc re mental voltage is combined 
with the divider voltage by taking 
the output a< ross the two t ir< nits in 
series opposition, as shown in the 
diagram, {\m shown in thediagram 
is the switching thai inverts the po- 
tentiometei output on the 0-loon 
,.,\ r range to maintain output po- 
larit) i 

To reduce the effect ol thermal 
ernf's generated in the MICRO- 
VOLTS potentiometerj the voltage 
across the 10-turn potentiometer is 
made i" be 5 volts, and the output 
,it the ann ol the pot is divided 
down by a factor of 500G. N* 
the incremental voltage is thus less 

than ! V i<li to I H/\ and ai ( ui.it j 
i> QA% i:0.5 A. The potentidm- 
eter control can be locked in phut 
bv pressing the knob after being set 
to i particular voltage, 

OUTPUT CHARACTERISTICS 
\v K true pi standard cells, the 
i)C transfer Standard is not accu- 
rate il an\ current is withdrawn (in 



. 9 . 
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, alibrai ion measurements, of course, 
sue Ii as hi Figures I and 5, no cur 
rent is drawn at null), Unlike stand 
ard cells, no damage can occur to 
the insti ument il current is with* 
drawn, even if the output is short- 
circuited. The output impedance is 
constant ai 1 k ohm enabling correc- 
tion factors to be applied if the 
measurement necessitates some cur- 
rent chain I ion i the DC Transfer 
Standard. 

The output terminals are solid 
copper, to eliminate thermal volt- 
ages with external copper wiring, 
and are gold-Hashed to prevent cor- 
rosion:. 



r 
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ROBERT E. WATSON 
Bob Watson is a group leader 
in the hp Loveland Laboratories 
with responsibility for dc dif- 
ferential voltmeters, low-level dc 
voltmeters, and dc standards in- 
cluding the hp- Model 740A DC 
Standard/Differential Voltmeter 
recently described m these 
pages. Bob joined -hp- in 1961 
following two years in atmos 
phenc and ionospheric research 
at a university affiliated labora- 
tory* He holds both a BSEE and 
an MSEE from the University of 
Utah and is a member of Eta 
Kappa Nu, Tau Beta Pi. and 
Sigma XL 

| Robert E. Watson, 'A Combined DC Voltage 
St.-nrtard nnd Differential Voll meter for Pre- 
■ubration Wori- r * Hewlett Pa chard Jour- 
nal. ' Vol. 16, No. 9. M.iv. 1^ F > 
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Fig. 7. Block diagram of Model 
DC Transfer Standard, 
For simplicity, switch contacts 
thut ground divider networks 
and invert output to preserve 
polarity on l-iooo fiV position 
■ , / ■'/ 'tfGTION snitch, are not 
tihou-n. 



\s ,i further refinement, the en- 
nti' < Jit ut(i\ is li-msul in in isolated 
guard shield. When making Boating 
measurements, the miaul may l>c 
con net it'll tn an appropi iau d< volt- 
age u> increase the effective leakage 
resistance to ground (effectively 10 11 
ohms or higfaei i. 

ACCURACY AND STABILITY 

I he temperature*com-pensated 

/« in i diodes used as the basic refer- 
ence are selected and aged prior tn 
.iwmbLv ui the oven unit. After as- 



ADJUSTMENT IN 
WWVB TIME PULSES 

The phase of seconds pulses 
broadcast by National Bureau of 
Standards' radio station WWVB (60 
kHz) are to be retarded 200 nis on 
March 1, 1966. This adjustment in- 
sures that the pulses, which con- 
form to the rntemationally agreed 
upon atomic- based one second in 
terval, are within 100ms of the UT2 
time scale, which is based on the 
rotation of the earth and which is 
thus subject to minor fluctuations. 

There will be no change on March 
1 in the phase of time pulses emit- 
ted by NBS stations WWV and 
WWVH H which are associated with 
the UT2 time scale, 



sernbly, the em ire referent e and 
oven control circuit is aged for six 
' ks and die total device stabilit) 
is recorded during this iinu\ A unit 
must exhibit a drift of less ihan 5 
ppm month during this time i<> be 
acceptable for use in a rompkicd 
instrument, total instrument stabil- 
in i>, within 10 ppm month (Fig- 
ures), 

SPECIFICATIONS 

MODEL 73SA 
DC TRANSFER STANDARD 

STANDARD OUTPUTS: 1.00000V; 
I.01SV ■ J*: 1.019 V -4 -A": to 1000 

TRANSFER ACCURACY: (after 30 mm 
warmup'i 2 ppm between saturated 
standard cells or unsaturated 
standard cells; 10 ppm standard 
cell to 1 volt: 10 ppm saturated 
standard cell to unsaturated stand 
:ird cell {typically better than 5 
ppm i 

STABILITY; latter 30 mm warmup) 

better th&fl 10 ppm /month 
LINE REGULATION; 1 V f<H 

line change 
OUTPUT IMPEDANCE: 1 k ohm - 1%. 
SHORT CIRCUIT CURRENT; 1 5 mA. 
TEMPERATURE COEFFICIENT: 1 

ppm/*c. 0'C to 50* C 
VARIABLE OUTPUT: 

RANGE: to 1000 „V 

ACCURACY' 1 o - 1.5 mV. 

' A is 3 3-dieit, direct -readitijE D-tolOOO^V 
offset voltage. 
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RESOLUTION: 1 nV, 
OUTPUT IMPEDANCE: 146 ohms 
± 1%. 
OUTPUT NOISE: DC to 1 Hz: .1 uV 
pp, 1 Hz to 1 MHz: <100 ^V mis. 

OUTPUT: Floating and guarded. 

POWER: 115 or 230 volts ±10%, 50 
to 1000 Hz h approximately 12 watts, 

OUTPUT TERMINALS: Four 5-way 
binding posts. Positive, negative, 
circuit guard shield, and chassis 
ground; positive and negative ter- 
minals are solid copper with gold 
flash. A mauimum of 500 volts dc 
may be connected between chassis 
ground and guard or circuit ground. 

EFFECTIVE GUARDED CAPACITY: 

<25 pF (capacity between orctnt 
and chassis ground with shield 
driven). 

DIMENSIONS; 3 fl m. high, 5»4 in 
wide, 11 in. deep (86 k 130 x 279 
mm.K 

WEIGHT: Net: 5=, v lbs. (2,5 kg): Ship- 
ping: 8 lbs 13,6 kg) 
PRICE; $375.00. 

Prices f.o b factory 
Data subject to change without notice 
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RFI MEASUREMENTS 

(cont'd from back cover) 

1 he converter has a flai frequent j 
response over the H)-kI f /-t<»- H»-M 1 1/ 
range. Fig. 8 shows the frequenc) 
response from I Mil/ to 10 Mil/. 
\M iarions are less than ■ 0,5 dB. 

I In analyzer converter combina- 
tion is 2 feet 2 inches high and 
weighs otil) liio pounds, v\ 1 1 i i ! i 
makes It suitable For mobile RH 
measurements in the field. 

CONVERTER OPERATION 

Fig, 1 is ;i block diagram ol the 
new converter, h < onsists ol fpui 
pieces oi commercially available 
-hp- equipmenti plus a low-pass Id 
ter and a power4ine filter, all pack- 
aged in a combining case. The heart 
ol the converter is a intently de- 
veloped, wide-band, untuned, bal- 
anced mixer. 3 Acting ;*> a sup* 
pressed^can ier modulator, the mixer 
combines signals from 10 kll/ to 10 
MM/ and highej with a 100-MHz 
i .nrin signal from the local os* il- 
l.i i or. The uppei sidebands of the 



- Victor E. Van Duzer, "A 200 kc/s 500 Mc/s Frequency 
ion Unit for Mining; Modulating, Phase-Detect iftfi 
• • i ■ ire I Ortraihng,' 'Hewlett-Packard Jnurr • 
17, No. 2, Oct.. 1965, 




FiK- 4. A/udW K1S-85SJB 
Converter consists of [our 
pieces of commercially avail* 
able -hp- equipment phis fit- 
ters, in combining rase. 100- 
MHz oscillator signal is 

modulated by tow^frequency 
input signets, (md upper 
shirti tmds are displayed on 
analyzer. Mixer provide 

dB currier suppression. 



modulated signal, 100.01 Mil/ to 
I Hi Mil/, are then displayed on die 
spe< it urn apaly/er< 

The balanced naixei suppresses 
the tO&Mttz carrier signal bj S0-dfi» 
so it dots not overload the input 
mixer oi the spectrum analyser. 
I he suppressed carrier can still be 
seen on the display, and tan be used 
to nark zero frequem v. 

lo po\ rin mixei ovei toad, which 
can cause distortion and erroneous 
measurements, the converter has an 
input attenuator which is variable 
From Oto 120 dB in LOdB steps. I he 
proper attenuator setting is easilj 
determined. Starting with li dB at- 
tenuation, input power is reduced 
in in dB steps. When inpui [x>weJ is 
too targe, ea< h 10 dB decrease in in- 
put power will cause less than a 10 
dB de< rease hi some of the signals on 
i he display When a 10 dB reduction 
in input power first i a uses all signals 
on the display to decrease h\ 10 dB, 
[.lie input level is below the mixer 
overload level and the attenuate] 
setting is < or reel. 

The amplifier used in the new 
convertei has a gain ol 10 dB, The 
low pass filter eliminates high~fre- 



Fig. 5. -hp- Model 851 Bf 
85 5 1 H S p i-i tru m A n a - 
lyzet display of two 
closely spaced signals, 
using 1-kHz IF hand- 
u idth. fa) shows resolu- 
tion of analyzer alone, (h) 
increased selectiv- 
ity obtained with -kp- 

Model S442A Crystal Fil- 
ter. Horizontal scale is 10 

hllzfcm, vertical scale is 

WdB/cm. 



quency noise and unwanted signals, 
and prevenis mixing ol high-fre- 
quency signals with harmonics of 
the lot al mm illatoi frequent n. 

LABORATORY USE 
I he an ilwet < OttVfel lei li t m| 

course, a general-purpose spectrum 

analyzer that tan be ii^a\ Eoi many 
types oi Frequency spectrum meas- 
urements. In laboratories it can be 
used to e\ aniine very low-level sig- 
nals from transistoi oscillators. 
However, the analyzer's minimum 
IF bandwidth of I kH* limits its 
resolution at audio frequenci 
that for applications requiring 
greatei resolution, other instru- 
ments would have i<> be used. Fig. 5 
shows the resolution of the I kHz IF 
bandwidth ol the analwcr. both 
with and without a crystal-filter ae- 
cessoj j whi< li improves its sela tiv- 
ity. 

CONVERTER RFI 

The converter meets MIL-1- 
6181D RFI-susacptibilh v specifica- 
tions when the individual coftipo 
nems are installed in the < oni hining 
case witli a filter in the amplifier 
power line. —John Cardoza 




John Cardoza 
John Cardoza received his BSEE 
degree from Stanford in 1956. After 
three years as a U.S. Air Force Com 
munieations Officer at Cape Kennedy 
he returned to Stanford and received 
Ins MSEE in 1962. He then joined 
-hp- as a sales engineer in the Cor- 
porate Sales Department, and in 
1963 he transferred to the Microwave 
Division Sales Department. Since 
June, 1965, when he obtained his 
MBA degree by attending evening 
classes at the Untversity of Santa 
Clara, John has been Applications En- 
gineering Manager, Microwave Divi- 
sion. 
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RFI MEASUREMENTS DOWN TO 10 kHz 
WITH SPECTRUM ANALYZER CONVERTER 



A I I. ELECTRICAL DEVICES gen ei ate 

mi wanted signals, harmonics, leak- 
age, and elect rii a I n aiisients, which 
(.in interfere wit Fi sensitive elei 
Monk equipment operating in ;m\ 
part o£ the electromagnets spec* 
M'lini. Because o( this interference 
problem, CJ,5, got^nmcni procure- 
ineui agencies often specif} that 

mam kinds of efectlTW al eijuipmt in 

l)e checked for radio frequency' 
emissions u\ei a frequent v lange ol 
almost six decades, from the uppej 
audio frequencies (14 kHz) to the 
high microwave Frequencies (10 
GH/)>* In the past, snth radio lu 
quency interference (RFI) measure- 
ments had EO be made with a mini 
bei Ol feiodtve^rs, each one cohering a 
small portion ol the spectrum. 
Shortcomings ol this method were 
[lie time and equipment requiredi 
the possiluliu of human errors, at id 

* Seriousness of the interference arable in is indicated 
by bill S. 1015, now before the U.S. Senate, wllJofi would 
empower the Federal ComiruflicatiDTis Commission to 
regulate the manufacture, sale, shipment, or ui<! of 
device* that create "harmful ratfio frequency mter- 
e'. 
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Fig, 1. AVfr ./»/,- a/of/r/ K 15- 855 IB 
Spa trum Analyzer Up-Convei 
mounted on top of -hp- Model 851 Bj 
865 IB Spectrum Analyzer, Anal' 
range wit fun ter ts 10 MHz to 

40 il H z : ( on i tert er ext e nde this down to 
10 kHz. 




(a) (b) (e) 

Fie. 2. Analyzer (Converter displays. Horizontal 
scales as shown. Vertical scales 10 dB/cm. (a) 
Standard AM broadcast hand from 4S5 to 1485 
kHz. taken with inefficient antenna to show sensi- 
tivity of converter. W dB' — 2 ( \V. ft) Radiation 
from electric drill held next to antenna. Single 
sweep. 60 dB' = ;$00 ,J TU (c) Radiation from 
portable 7'V set located 1 foot from vertical an- 
tenna. 60 dB' - 400 r V CW. (d) Expanded i 
of first two lobes of fe). Spectrum is that of pulsed 
signal with repetition rate of approximately IS kHz. indicating that radia- 
tion is coming from horizontal synchronizing circuits of TV set. 




the difficult) oi detecting transient 
I ihenomena. 

The situation was ninth im- 
proved with the developmeni of a 
wide-band, EulJy calibrated micro- 
wave spectrum analyzer, 1 I his made 
it possible to make RJFJ measure- 
ments horn 10 M 11/ to W C«l 1/ with 
a single instrument, which was also 
fa$1 enough to detect the transjr nts 
thai older methods missed. Using a 
voltage- tuned backward wave ostil- 
lator as a local oscillator sweeping 
from - to I (fHa the analyzer has 
calibrated display widths ol up to - 
c*H/. V calibrated display range ol 
60 dB, ami calibrated controls lor IF 
bandwidth, sweep time, and RFand 
il attenuation make the anatyzei > 
(onventent tool foi general labora- 
tory spectrum analysis, as well as tor 
R} I measurements. 

Now, with a new Spectrum An 
alyaer Converter, the range of this 
wide-band microwave >pe<trum an- 
alwei <an he extended down to 
10 kHz vo that the entire frequent J 
urn horn Ml kHz to !u < ,1 [/ 



Hariev L Hslverson, 'A Hew Microwave Spectrum An- 
alyzer/ 'Hewlett-Packard Journal,' Vol 15, Ho 12. Aug, 
|9M 



can he inspected wiili a single iu- 
strument. rig, 1 shows the analyzer/ 
converter combination. 

A pieampliliei and a low-pass hl- 
ter in the converter give the an 
al\/er convertei a typical sensitivity 
ol I ,A ovei the IO-kil/-to-ltk\lH/ 
range. This means thai a 1 p\ CW 
signal will have an amplitude twite 
the noise level, when the IF band- 
width of the analyzer is set at Hi 
kll/. Fig. 2a is a photograph of the 
analyzes display of the standard \M 

broadcast hand at Palo A ho, Cali- 
fornia. The smallest signals ate less 
than I f.i. Y\ (concluded inside on p. 11) 




Fig. 3. Analyzer /Converter display of 

output of signal generator as it teas 
tuned from / MHz to la Mil 
tions "f peaks are generator frequencies 
on successive analyzer sweeps. Manual 
tuning of generator caused crowding at 
ends of display, tlnijormify q{ peak 
heights shows that com * i ter frequency 

response is flat n ithin "**0.5 <'/?, 
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